with a catheter, as well as those with initial VA failure, had a higher rate of VA failure in the subsequent Background. Complications arising from vascular access ( VA) are major causes of morbidity in patients course on RRT.
period (31.12.1997). For each episode, the time interval from high economical costs, accounting for up to one-third creation of the VA to intervention was calculated.
of ESRD expenditure [10] .
Dysfunction related to any type of complication, other than
The radiocephalic a-v fistula is the preferred VA, thrombosis, that necessitated any type of intervention. As because of its low complication rates, its long survival, VA we considered only a-v fistulae or grafts, either autologand its ease of puncture once it has matured [11] [12] [13] . ous or heterologous; permanent catheters were not considered Nevertheless, its establishment on the wrist or in the a VA, except when all possibilities of access to the vascular tabaquière anatomique (anatomical snuffbox) of the system had been exhausted. non-dominant arm is potentially inconvenient for two Primary renal disease was categorized as glomerular, interreasons (i) 4-8 weeks are necessary until the venous stitial (mostly ascending infection), vascular (nephroangiosclerosic or ischaemic), cystic (ADPKD), or diabetic nephrowall has arterialized, and (ii) a high rate, 8-30%, of pathy. The designation 'others' includes different systemic initial failure or insufficient development is observed, diseases, particularly SLE and vasculitis. necessitating the use of other modalities of VA [14] .
We analysed clinical and demographic characteristics of Recently, a-v fistulae higher up in the forearm and on patients who started HD treatment using a catheter and the upper arm have been put forward as acceptable compared them with patients who at that moment had a alternatives. Some studies have documented primary mature VA. We also studied whether there were differences patency rates, >80%, in the first 2 years of observation in the total number of VA in the two populations in the [15] , but there is no information on the long-term course of HD treatment. Similarly, we compared the patients outcome for this type of a-v fistula.
with an initial failure of the primary VA or failure of
The second mode of permanent VA are grafts, the adequate development of the VA with those patients in whom the VA matured normally.
use of which has increased in recent years, and in Every patient who needs a VA is examined in our hospital numerous centres it is today the most frequently used by a vascular surgeon who assesses, as the first option, the type of VA [16 ] . This tendency has been related to possibility of creating a radiocephalic a-v fistula in the upper recent demographic changes in the HD population, extremity of the non-dominant arm. If this VA fails, we tend the scarcity of transplants with the consecutive to place a similar VA on the opposite arm. In cases of failure increased time on HD treatment, and increased comor-we systematically try to place new a-v fistulae in the upper bidity of patients beginning RRT. In fact the median forearm or the upper arm in the following order: brachioceage of incident patients is actually around 60 years, phalic (BC ) and humerobasilic (HB) with subsequent transmore than half of the patients have at least two position. Generally, implantation of grafts is not considered comorbid conditions, and 20-40% are diabetic-all unless all possibilities of a-v fistulae in both extremities have been exhausted. factors that could affect the success of the VA [10,17]. On top of this, patients are not infrequently referred to the nephrologists in the terminal stages of renal Statistical analysis failure or during an episode of acute deterioration of pre-existing renal failure. In these circumstance it is Using descriptive statistics, we analysed all patients and frequently impossible to create a VA in time [18] .
separately analysed all accesses. The x2 test was used to It is of obvious interest to the nephrologists to assess associations between qualitative variables. Student's tidentify the different problems related to the VA and test was used for group comparisons. To assess the associto improve results by consensus. With this in mind, ation between the number of VA in a given patient and the type of initial vascular access (catheter or a-v fistula) the x2
we performed the present retrospective study with the test for trend was used. To assess time to access failure, the following aims: (i) to assess the relative proportions Kaplan-Meier-method was used. To study the association of the different modalities of VA and the respective between this time interval and potential risk factors, the logduration of their function, (ii) to analyse the clinical rank-test was used. To estimate reasons for the incidence of and demographic factors associated with VA failure, VA failures, proportional hazards regression models were and (iii) to verify whether absence of a functioning used. To evaluate the association between failure of the initial VA at the time when HD is started and/or initial a-v fistula and potential risk factors, odds ratios were tested failure of the VA affects the results of long-term VA.
using the x2 test. To identify independent predictors of initial VA failure, the multiple regression technique was used with a model that included variables consecutively into the model
Subjects and methods
if their log-likelihood ratios were significant by x2 test. To evaluate the association between numbers of VA in a given patient and initial VA failure the chi-square test for linear We performed a retrospective study on all patients attending trends was used. Calculations were carried out using SPSS the renal service of the University Hospital Valle de Hebró n for Windows, Release 6.0, (SPSS Inc., Chicago, IL, 1993). of Barcelona who received a VA for chronic HD treatment between 1 January 1985 and 31 December 1997. The hospital is a tertiary care hospital with a catchment area of 800 000 inhabitants. We sampled and analysed the following items: Results demographic characteristics of the patients, primary renal disease, the site of VA, and duration of function. End-point The essential characteristics of the study group are was the date when the VA was no longer regularly used given in Table 1 . The sample of 544 patients had a either because of change of treatment modality (CAPD or mean age of 56.2 years (range 17-82). The male/female renal transplantation), change of residence, death, complications, i.e. dysfunction or thrombosis, or end of the study ratio was 1.7. Patients suffered from different primary significant relation to the type of primary renal disease was noted.
renal diseases (see Table 1 ), and overall follow-up time Complications was 2532.8 patient years on treatment. Table 3 lists the complications encountered. On 546 occasions, the VA was complication-free until the end Type of vascular access of the study, whereas on 489 occasions some type of Out of the total of 1033 VA created, 899 (87%) were intervention was required. The rate of complications native a-v fistulae, of which 502 remained patent at was 0.24 per patient and year at risk. Most interventhe end of the study. At that time, 92% of patients tions were associated with fistula dysfunction (51%), were dialysed using this type of VA ( Table 2 ). The radiocephalic fistula is the type most often created and was it necessary to resort to alternative a-v fistulae or Total 489 100 grafts, whilst only 13 patients were dialysed with grafts 
10 years and 38% at 12 years respectively. Finally, the 0.1 episodes per patient and year at risk. The mechanism causing thrombosis could not be determined in the humerobasilic a-v fistula yields the best function rates, surpassing the humerocephalic a-v fistula by 5, 18, and majority of patients; technical complications were involved only in 8%.
13% after 1, 3 and 5 years respectively. The survival rates of grafts is comparable with that of a-v fistulae during the first 6 months, with the Vascular access survival exception of PTFE forearm grafts, for which the Figures 1 and 2 give the actuarial survival curves for survival rate at that point in time is lower by 50%. different types of vascular access; obviously, a-v fistulae After the first 6 months, the function rate of grafts have longer survivals than grafts.
diminishes progressively and at a faster rate with PTFE The rate of primary patency of radiocephalic a-v grafts and with saphenous grafts. Of the latter, more fistulae was 77% at 3 months and 72% at 6 months. than 40% function at the end of the second year In contrast, in other types of VA the percentage is compared to 20% of the PTFE grafts in a similar almost 10% higher, with the exception of PTFE grafts location. of the forearm where abnormal function rate of only Table 4 gives median duration of a-v survival as a 50% was noted. The lesser function rate of radioceph-function of different variables. alic a-v fistulae is due to the fact that primary malfunc-Type of VA. The radiocephalic a-v fistula achieves the tion is seen in 15%. The rate patency of radiocephalic best results, i.e. a median duration of function of 7 a-v fistulae, once the fistula has developed sufficiently years, followed by the humerobasilic a-v fistula and to permit at least one puncture, rises to 85% in the the humerocephalic a-v fistula. The duration of grafts first and to 80% in the second year postoperatively. At is inferior to that of a-v fistulae; median survival of any given time, the rate of patency of radiocephalic the saphenous forearm grafts exceeds that of the PTFE graft in the same location by a factor of 2 and that of the PTFE humerobasilic graft by a factor of 3. confidence interval 1.8-3.2, P<0.001).
Patients with a central catheter as first vascular access
Somewhat less than half of the patients (45%) had to start dialysis using a central catheter because a welldeveloped a-v fistula was not available ( Table 5 ). When this cohort was compared to patients who initially had a functioning a-v fistula it became obvious that patients who required a catheter were significantly older (58.9 vs 55.4, odds ratio 1.7, 95% confidence interval 1.2-2.5, P<0.04). Notable differences were also found according to the type of primary renal disease. Absence of a mature a-v fistula was most frequently seen in patients with vascular or diabetic disease, compared to patients with ADPKD or interstitial disease (P=0.006).
Patients who start haemodialysis using a central with a mature fistula. Whereas 61.6% of patients Table 6 ). Causes were immediate thrombosis for technical reasons (40 cases, 7.5%) and insufficient maturation to permit puncture (95 patients, 18%). When Table 6 . Initial developments of the a-v fistula according to patients with normal VA development are compared characteristics to patients with initial VA failure, one finds a predominance of females amongst the latter (OR 1.67, 95% (23) failure (see Table 7 ). whereas the proportion of patients requiring two, three, The brachiocephalic a-v fistula is the preferred type of VA, if the radiocephalic approach fails. It should be created as the primary fistula if adequate vessels
Discussion
are not available, which is frequently the case in diabetic patients. Four-year permeability rates of 80% have been reported [15] . In our study, survival of the Our approach to the creation of VAs for patients brachiocephalic a-v fistula was lower than that of the requiring renal replacement therapy is in agreement radiocephalic: slightly more than one-half of patients with the recent NKD-DOQUI guidelines, i.e. an initial have patent fistulae after 4 years and one-third after effort to create an autologous a-v fistula at a peripheral more than 8 years. site, advancing from the distal to the proximal part of If the cephalic vein cannot be used, one has the the extremity when revisions are required. Grafts are alternatives of implantation of a forearm graft and reserved for patients whose venous vascular bed has creation of a humerobasilic a-v fistula. Selection of been exhausted. The above long-term study shows that this type of VA has certain technical disadvantages, a strategy designed to maximize the use of native a-v i.e. the basilic vein must be superficialized to make it fistulae permits satisfactory use of this form of VA in easily accessible for puncture. The technique can also practically all patients (92%); in no less than 84%, this cause steal phenomenon and local oedema. On the is the only modality of VA in the entire course of their other hand it has certain advantages. Since the basilic treatment. We also believe that this strategy resulted vein is not visible, it has usually not been damaged by in a low incidence of thrombosis, i.e. eight times lower cannulations prior to end-stage renal disease. Published than the average figures reported from the USA and information on patency rates gives values of 75% at 8 50% lower than that proposed by the National Kidney years [22] . In our study, the patency rate of humerobasFoundation as the future goal [19] .
ilical a-v fistulae resembles that of the radiocephalic The factors that determine the patency of the VA (excluding early failure) and is superior to the brachidepend mainly on patient characteristics, surgical skill, ocephalic a-v fistula. and care of staff. It is therefore scarcely surprising that As in other studies, age, female gender, and diabetes published results differ. Some non-randomized studies are the principal factors that determine the long-term report that the duration of function of fistulae and function of VA [23, 24] . More than 50% of patients grafts is similar [20] , but the majority of reports finds keep their initial VA over 13 years of follow-up. We the opposite [6, 8, 19 ]. In our study, the patency rate of believe that such remarkable function rates in patients a-v fistulae is markedly superior to grafts, although with glomerular disease are due to several facts: (i) detailed statistical analysis is not possible, because patients with this disease are referred to the nephrolocreation of an a-v fistula had priority over a graft. gist early; (ii) the disease course is progressive but The radiocephalic a-v fistula was tried first, as generpredictable; and (iii) the disease affects relatively young ally accepted, in view of its technical advantages for individuals: all these are points that contribute to implantation and high function rate [13, 19] . In this adequate timing and early creation of a VA. ADPKD study, the rates of patency of this type of VA are also has a long disease course, but the results of VA similar to reports in literature, i.e. 90 and 80% in the are not so good as in glomerular disease, presumably first and second year respectively. Long-term observabecause of the higher age of the patients. The short tions show that more than half of our patients have a duration of functional VA in patients with interstitial patent fistula at more than 7 years post-operatively nephropathy could be explained by the preponderance and 36% more than 12 years post-operatively. of the female sex, which is an independent risk factor Undoubtedly, the radiocephalic approach has the for VA failure. inconvenience that there is a high initial failure rate.
Recently, Woods and Port emphasized the imporStudies published since the late 60s report a primary tance to define the factors which are involved in the failure rate between 9 and 30%; in our study it was failure of the first VA, since such predisposing factors 25%, a figure which undoubtedly could be improved could predict future failures and poor overall results with new non-invasive techniques that allow the estimation of calibre and flow of vessels before creation as well [22, 25] . Our study is in line with this recom-
